Template stripped gold surfaces (Au TS ) S1 were prepared by first subliming Au (99.99 %, Schöne Edelmetaal B.V.) onto a clean Si(100) wafer (Prime wafers) at a pressure of 6.7 × 10 −7 mbar at 300 K to form a 100 nm thin Au film at a deposition rate of 0.2 nm s −1 . Piranha-cleaned 1 cm 2 square glass substrates were then glued (Norland 61) onto the freshly-prepared Au/Si surface. The glass/Au/Si sandwich substrates were cured under a UV lamp (ENB280C/FE) for 5 min. Smooth Au TS surfaces were prepared by mechanically separating immediately before assembling the spiropyran pure and mixed monolayers.
D 100 th Cycle
Step-1 SP-mixed
Step-2
Step-3 Figure S2 : Gaussian mean J/V curves after the i th cycle indicated to the right of each plot from six J/V sweeps on each of five different locations on each substrate. Each peak value is the mean of a Gaussian fit to a histogram of values of J for a particular value V . Each error bar is the variance of the respective fit. SP-mixed samples A1, B1, C1, and D plus the pristine sample P as indicated in figure S1b.
The shaded green and red regions denote the variance in current density measured during the conductance cycling between the MC and the SP conformation. The large spread in current density is due to under-sampling the J/V data (i.e., the histograms from which the variance was derived are sparse) caused by limitations imposed by housing the entire cycling and measuring apparatus in a flowbox. Interestingly, the absolute switching ratio is in the same range as reported in our previous work. S3 Then, XPS measurements were performed on samples A2, B2, and C2 after exposure to white light, so that ideally all molecules were switched back to SP states.
Finally, following the same illumination procedure as described above, but now under flow box conditions instead of glove box conditions, we obtained XPS spectra on SP-mixed monolayer samples after the 25 th , 50 th , and 75 th UV-Vis cycles.
X-ray Photoelectron Spectroscopy
X-ray Photoelectron Spectroscopy (XPS) was performed using a Surface Science SSX-100
ESCA instrument with a monochromatic Al Kα X-ray source (hν = 1486.6 eV). The pressure was below 6 × 10 −10 mbar during data acquisition. The photoelectron take-off angle with respect to the surface normal was 37 • . The diameter of the analyzed area was 1000 µm;
the energy resolution was 1.26 eV. The XPS spectra were analyzed by using the least-square curve fitting program Winspec (developed in the LISE laboratory of the Facultés Univer-S-7 sitaires Notre-Dame de la Paix, Namur, Belgium.); deconvolution of the spectra included a Shirley S4 baseline subtraction and fitting with a minimum number of peaks consistent with the structure of the molecules on a surface and taking into account the experimental resolution. The profile of the peaks was taken as a convolution of Gaussian and Lorentzian functions. Binding energies are reported as ±0.1 eV and referenced to the Au 4f 7/2 photoemission peak originating from the substrate, centered at a binding energy of 84 eV. S5 The uncertainty in the peak intensity determination is 1 % to 2 % for carbon and sulfur, and 3 % for nitrogen. All measurements were carried out on freshly prepared samples; on each surface 5 points were measured to check for reproducibility.
Identification of cis and trans isomers on surface
The N1s and COO -(288.2 eV). S9 The intensity ratio between the components of aromatic and aliphatic carbon decreases with the exchange time.
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The N1s core level region in Figure S4 confirms that SP form of these samples is characterized by two different peaks attributed to indoline N and NO 2 , whereas for the MC form an extra peak corresponding to N + is evident. The peak widths of the components due to indoline N and NO 2 are similar for all the samples when in the SP conformation and for the SP-pure sample of when in the MC conformation (Table S1 ). In contrast, the peak widths of the NO 2 component when the molecules of SP-mixed are in the MC form (1.80 eV, Table S1) is reduced by 0.3 eV compared to the SP-mixed samples in the SP form (2.1 eV). In addition the peak width of the N + component of the MC form is 0.15 eV broader for SP-pure than for the SP-mixed samples. The sharper NO 2 peak indicates a smaller attenuation length of the photoelectrons, whereas the broader N + peak points to a larger attenuation length in MC form of SP-mixed. These changes in the peak confirm that NO 2 is situated closer to the interface with the vacuum as compared to the N + . Thus, in the absence of steric hindrance in SP-mixed, the molecules undergo photochemical isomerization to the trans isomer with NO 2 pointing upwards (as illustrated in Figure S8(A) ). However, in SP-pure samples we did not observe any significant change in peak widths of NO 2 and N + when samples were Figure S4 : XPS spectra of samples in the SP (induced by illumination with visible light) and MC (induced by illumination with UV light) forms, respectively, The left and central columns present the N1s core level spectra, while the right column presents the C 1s core level spectra. The top row ((a), (b) and (c)) shows spectra collected from SP-pure; the middle row ((d), (e), (f)) spectra collected from SP-mixed prepared through 24 h of exchange (SP-mixed (24 h)) and the bottom row ((g), (h), (i)) spectra collected from mixed monolayers prepared through 48 h of exchange (SP-mixed (48 h)), respectively. The fit of the N1s and C1s lines is also shown; the identification of the various components is discussed in the text.
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Table S1
: The values of peak width (FWHM) of the various components in the N1s XPS spectra corresponding to different types of nitrogen shown in Figure S4 . The quantitative analysis of the XPS spectra for each of these samples shown in Figure   S5 demonstrates that the amount of sulfur increases with exchange time (12 → 48 hour) and reaches up to the same value as in SP-pure. Whereas, the nitrogen and the cyclic carbon (C cyclic ) amount decreases with exchange time. These experimental results point out that the SP molecules are diluted on the surface with hexanethiol, which provides a steric hindrance-free environment for the SP switches S-11
JV Data
The J-V traces were collected using a setup placed inside a flow-box and employing a program written in LabView (National Instruments) to perform 5 sweep-cycles from 1 V to −1 V using a sub-femto amperometer (6430 SourceMeter,Keithley);the datawereanalyzedusingth- The J-V curve of spiropyran SAMs presented in Figure S6 were recorded on the samples prepared via different exchange times, namely SP-mixed(12h), SP-mixed(24h), and SPmixed(48h). The J-V curves show that the switching ratio is maximum for SP-mixed (24h) sample among all the diluted samples.
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5 DFT calculations
Transmission Spectra
We prepare the mixed monolayers of SP using an optimized recipe for exchange with hexanethiol ( Fig. S5 ) that optimizes the conductance ratio between the SP and MC forms. S3,S10 It is, however, counter-intuitive that the mixed monolayers exhibit higher conductance switching ratio than the pure monolayers. S3 In light of the differences in the rotamers of MC discussed in the main text, we simulated model, single-molecule junctions using den- Interestingly, the orientation of the NO 2 group also affects transmission, though not as dramatically; the resonances above and below E f both move closer to E f when the NO 2 group is oriented up, predicting higher conductance. Finally, the resonance peaks for the cis form lies in between the trans and SP form; this supports the experimental observation of MC form being less conductive in SP pure SAMs than SP mixed SAMs.
We hypothesize that while the molecules attain MC-trans (NO 2 up) form in SP-mixed SAMs, they get trapped in MC-cis form in SP-pure SAMs due to steric congestion. To theoretically understand the differences in the electronic properties of these four forms (SP,
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MC-cis, MC-trans (NO 2 up) and MC-trans (NO 2 down)) and their affect on our experimental observations, we computed the transmission probability (T (E)) as a function of electron energy, shown in Figure S7 (A).
We used similar methodologies for all the simulations performed for generating transmission curves as in our previous publication on SP and MC-trans (NO 2 down). S3,S12 Calculations were performed using ORCA 3.03 and ARTAIOS. S13-S16 Geometries of the four structures were first minimized using BP/TZV(sp) in ORCA. These minimized geometries were placed in between two Au metal clusters containing 9 atoms each (the coordinates are provided in section 5.1.1). One Au atom was deleted from the metal cluster to which the S atom is bonded in order to run calculations on a closed-shell system. Then, singlepoint energy calculations were run on this ideal single-molecular junction using B3LYP functional incorporated with D95 (LANL2DZ) basis sets in ORCA. The energy values (table   S2 ) and the orbital isoplots ( Figure S7(C) ) corresponding to the Highest Occupied π-States (HOPS) and the Lowest Unoccupied π-States (LUPS) were obtained from these calculations. Also, the Hamiltonian (Fock) and overlap matrices were generated using the commands 'Print[P Iter F] 1', 'Print[P Overlap] 1', 'Print[P Mos] 1', 'Print[P InputFile] 1' in the '%output' section of ORCA input file. The generated the hamiltonian and overlap matrices along with the ARTAIOS input file served as input for the transport calculation to generate the Transmission spectra. Table S2 : Energy values of the HOPS and LUPS levels obtained from the DFT single-point energy calculations on the model single-molecular junctions, also plotted in Figure S7 The transmission spectra are shown in Figure S7 Figure S7 : A) Simulated Transmission Probability versus Energy of electron (scaled with respect to an arbitrary Fermi level, E f = −4.5 eV) curves for optimized geometries of SP and three MC forms, attached two two metal clusters; NO 2 up and down refer to the position of the NO 2 group in the trans configurations of the MC form separated by rotation about the γ-bond as depicted in Figure S9 . (The selection of an E f value -which is unrelated to the bias applied in our experiments -doesn't affect our analysis.) The model junction geometry is included in the inset. B) The graph shows the energies with respect to E f of the Highest Occupied π-States (HOPS) and the Lowest Unoccupied π-States (LUPS) for the four forms trapped between the metal clusters. C) Isoplots (isovalue = 0.02) of HOPS and LUPS for each of the four geometries. Figure S9 : Resonance structures and bond rotations, following the ring-opening of SP, describing the average structure of MC that is depicted in the box.
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Coordinates
The xyz coordinates of the closed (SP) form between metal clusters are:
Au -0.001395323 0.193026949 11.039982826 Au 1.889114398 -0.457248321 8.755904785
Au -0.313774335 1.394446051 8.642272243
Au -0.818336667 -1.430577386 8.885303935
Au -1.931239783 -2.890726403 6.666336184
Au -1.426677451 -0.065702967 6.423304491 
